- 1 - DESCRI PTI ON EPOXY RESI N, EPOXY RESI N COWGCSI TI ON, AND CURED MATERI AL
THEREOF Technical Field The present invention relates to epoxy resins with
hi gh nol ecul ar orientation which can be cured to provide excellent
t oughness and thermal conductivity, epoxy resin conpositions, and cured
materials thereof. Background Art It is generally known that an epoxy resin
conposition fornms a random network structure through a crosslinking
reaction to provide a cured material wth, for exanple, excellent heat
resi stance, water resistance, and insulation properties. Attenpts have
recently been nmade to align an epoxy resin conposition in a particular
direction by applying an external physical force during the curing of the
conposition to provide a cured mMPESORIAPTHOM enhanced properties.
According to Patent Docunent 1, for exanple, an epoxy resin having
mesogeni ¢ BR@UHREFIN & ERREECRESEN cGOMPRSITLPNd ABDpEUREBeMATERI her nal
conductivity. Patent Docunent 2 reports that a cured material with
excel l ent thermal conductivity cafHi&ESFovi ded by aligning an epoxy resin
havi ng a nesogeni c group through the application of a 2

Technical Field

The present invention relates to epoxy resins with high
molecular orientation which can be cured to provide
excellent toughness and thermal conductivity, epoxy resin

compositions, and cured materials thereof.

Backgrocund Arxrt

It is generally known that an epoxy resin composition
forms a random network structure through a crosslinking
reaction to provide a cured material with, for example,
excellent heat resistance, water resistance, and insulation
properties. Attempts have recently been made to align an
epoxy resin composition in a particular direction by
applying an external physical force during the curing of the
composition to provide a cured material with enhanced
properties. According to Patent Document 1, for example, an
epoxy resin having mesogenic groups in its molecules can be
cured to provide high thermal conductivity. Patent Document
2 reports that a cured material with excellent thermal
conductivity can be provided by aligning an epoxy resin

having a mesogenic group through the application of a



magnetic field before curing the epoxy resin. In the field of
thernopl astic resins, a nolded material with excellent nechanical strength
can be provided by processing a liquid crystal polyner at its nelting
poi nt or higher, as discussed in, for exanple, Patent Docunent 3. Patent
Docunent 1: Japanese Unexam ned Patent Application Publication No.
2003- 268070 Patent Docunent 2: Japanese Unexam ned Patent Application
Publ i cati on No. 2004-175926 Patent Docunment 3: Japanese Patent No. 2664405
Di scl osure of Invention Problens to bé Solved by the Invention In general,
however, epoxy resins having nesogenic groups as disclosed in the above
docunent s di sadvant ageously have conplicated nol ecul ar structures and are
t her ef omagrditfifd dAfleld bgfaskicauriiive H@ppléepaty arewina fagngte cEfelaid to
the entire epoxy resin conpositions, for exanple, is disadvantageous
because dft thecmiapdsaset ilangeyista) e apphied usatedimk opthastxaeeliapli d cryst al
polynmers, which typically have a nelting point of 250C to 350C, generally
r equi r e masttanisalersdrrengtdi mepre dreli pronsded iy tieeeassing My kia@ikd. An
obj ect of the present invention is to provide an epoxy resin that can be
easi | y pmyihitedd podgmesagitl yi e meliing moituler highpied a3 dscugrptan be
cured to provide a cured naterial 3

in, for example, Patent Document 3.

Patent Document 1: Japanese Unexamined Patent Application

Publication No. 2003-268070

Patent Document 2: Japanese Unexamined Patent Application

Publication No. 2004-175926

Patent Document 3: Japanese Patent No. 2664405

Disclosure of Invention
Problems to be Solved by the Invention

in general, however, epoxy resins having mesogenic
groups as disclosed in the above documents disadvantageously
have complicated molecular structures and are therefore
‘difficult to produce. The application of a magnetic field
to the entire epoxy resin compositions, for example, is
disadvantageous because it requires a large-scale apparatus.
Thermoplastic ligquid crystal polymers, which typically have
a melting point of 250°C to 350°C, generally require much
severer molding conditions than thermosetting resins. An
object of the present invention is to provide an epoxy resin
that can be easily produced., can easily achieve a molecule-

aligned state, and can be cured to provide a cured material



with optical anisotropy and excel |l ent toughness and thermal conductivity.
Means for Solving the Problens In |light of the above circunstances, the
i nventors have conpleted the present invention as a result of-intensive
studi es for devel opnent of an epoxy resin conmposition that can be easily
produced and can easily achieve a nolecule- aligned state. That is, the
present invention provides: (1) An epoxy resin represented by the foll ow ng
formula (1): (1] O OH H2CHOHCo \ [/ G2 \ / OCH2CHCH20 (1) OH O
OCH2CHCH20O CH2 OCH2CHCH2 \ /n (wherein nis 0.1 to 20(the nunber is an
average), preferably 0.2 to 15, particularly preferably 0.5 to 5.0, which
can be cal culated from epoxy equivalent); (2) An epoxy resin conposition
cont ai nWiA¢h 9P tdsedy andssitropsc g mraed ladm{onghnaf s and ithpageht ; - 4
(3) The epoxy resin conposition according to Item (2),

conductivity.

Means for Solving the Problems

In light of the above circumstances, the inventors have
completed the present invention as a result of intensive
studies for development of an epoxy resin composition that
can be easily produced and can easily achieve a molecule-
aligned state.

That is, the present invention provides:

{1) An epoxy resin represented by the following formula
{1):
[11]

o OH
N\ |
H,CHCHLCO CH, OCHyCHCH,0

OH O
i /\
OCH,CHCH,0 CH, QCH,CHCH,
n

(wherein n is 0.1 to 20(the number is an average),

¢)]

preferably 0.2 to 15, particularly preferably 0.5 to 5.0,
which can be calculated from epoxy egquivalent);
(2) An epoxy resin composition containing the epoxy

resin according to Item (1) and a curing agent;:



further containing a curing accelerator; (4) The epoxy resin conposition
according to one of Itens (2) to (4), further containing an organic
solvent; (5) The epoxy resin conposition according to one of Itens (2) to
(4), further containing an inorganic filler; (6) A cured material forned
by curing the epoxy resin conposition according to one of Itens (2) to
(5); and (7) A method for producing the epoxy resin according to Item (1),
i ncluding allow ng a phenolic conpound, represented by the follow ng
formula (2) [2] HO\ / CH2 \ / OH (2) to react with an epihal ohydrin in the
presence of an alkali netal hydroxide to yield an epoxy resin having a | ow
mol ecul ar weight, allowing the epoxy resin to react with 4,4'-Dbiphenol,
and addi ng a(gdofheoleperly e siineoginosidipn @grargding i ditem (2 )i phenol
is represented by the following fornmula (3): [3] 5 - Advantages The epoxy
resi n offunidel cuiadithiichtd s hRI aFEMEeTeE™Eiy hi gh nol ecul ar
orientation.and can be cured to provide excellent toughness and thernal
conduct i vi t y{4ThiT8e EREXY F&SiR COMNARUHI AGFCoRiNT i e Qfch as

conposite .
P Items (2) to (4), further containing an organic solvent;

(5) The epoxy resin composition according to one of
Items (2) to (4), further containing an inorganic filler:

(6) A cured material formed by curing the epoxy resin
composition according to one of Items (2) to (5); and

(7) A method for producing the epoxy resin according to
Item (1), including allowing a phenolic compound represented
by the following formula (2) :

[2]

oo 2

to react with an epihalohydrin in the presence of an alkali
metal hydroxide to yield an epoxy resin having a low
molecular weight, allowing the epoxy resin to react with
4,4"'-biphenol, and adding a poor solvent to precipitate a
crystal, wherein 4,4'-biphenol is represented by the
following formula (3):

(3]



materials and electric/electronic materials, particularly, printed circuit
boards, solder resists, sem conductor sealants, retardation filns, nolding
materials, and adhesives. Best Mdde for Carrying Qut the Invention An
epoxy resin of the present invention can be produced by allowing a
phenol i ¢ conpound represented by the followng fornula (2): [4 HO\ / CH2
\' / OH(2) toreact with an epi hal ohydrin in the presence of an alkali 6
metal hydroxide to yield an epoxy resi:n _having a | ow nolecular weight,
allowing the epoxy resin to react with 4,4'-biphenol, and precipitating a
crystal froma solvent, wherein 4,4'-biphenol is represented by the
followng formula (3): [5] HO OH (3) The phenolic conpound of the formula
(2) is a crystagFnne gabstance having a nelting point of about 163C, one
of commer gi@ ‘ > poieduct® is, for exanple, p,p'-BPF

(manuf act ur ed em cal 1ndustry Co., Ltd.). The «crystalline
epoxy resin of the present invention can also be produced by allow ng the
conmpound of the formula (3) to

Advantages

The epoxy resin of the present invention has
significantly high molecular orientation and can be cured to
provide excellent toughness and thermal conductivity. This
epoxy resin is suitable for applications such as composite
materials and electric/electronic materials, particularly.
printed circuit boards, solder resists, semiconductor
sealants, retardation films, molding materials, and

adhesives.

Best Mode for Carrying Out the Invention

An epoxy resin of the present invéntion can be produced
by allowing a phenolic compound represented by the following
formula (2):

[4]

to react with an epihalohydrin in the presence of an alkali



react wth the epi hal ohydrin and extending the chain of the reaction
product with the conpound of the formula (2), although this nethod has

| ess working efficiency than the above nethod because the reaction product
of the conmpound of the fornula (3) with the epihal ohydrin is highly
crystalline.  In the method for producing the epoxy resin according to the
present invention, the epihal ohydrin used can be epichlorohydrin or

epi bromohydrin. The anount of - 7 epihalohydrin is generally 2 to 15

nol es, preferably 3 to 12 nol es, péanﬁle of hydroxyl group of the
conpound of the formula (2). The alkali netal hydroxide used can be, for
exanpl e, sodi um hydroxi de or potassi um hydroxi de. The al kali netal

hydr oxi fletaanhbarvsedeasoaysellidaar eppxgquesis hahimigom licks an aqueous
solution is used, it may be continuously added to the reaction system
whi |l e wabkecandrt feighthabbhpding &he epexygresinydd artcepdtit ed under a
reduced or normal pressure, the water being drained and the epi hal ohydrin
bei ng canidi nbdpbkpoiet andegreciphéatdagt mowrypdiedmErpme a swdwentof al kal
metal hydroxide used is generally 0.9 to 1.2 noles, preferably 0.95 to

1. 15 noWberepsr 4eqlirbabbanodf ishyepvepengedupyofthehdoddmdmed of the
formula (2). The reaction tenperature is generally 20C to 110C, preferably
25C to f£oo@ulIhé3peaction tine is generally 0.5 to 15

[51]

The phenolic compound of the formﬁla {2) is a crystalline
substance having a melting point of about 163°C; one of
commercially available products is, for example, p.p'-BPF
(manufactured by Honshu Chemical Industry Co., Ltd.). The
crystalline epoxy resin of the present invention can also be
produced by allowing the compound of the formula (3) to
react with the epihalohydrin and extending the chain of the
reaction product with the compound of the formula (2),
although this method has less working efficliency than the
above method because the reaction product of the compound of
the formula {3) with the epihalohydrin is highly crystalline.

In the method for producing the epoxy resin according
to the present invention, the epihalohydrin used can be

epichlorohydrin or epibromohydrin. The amount of



hours, preferably 1 to 10 hours. Adding an al cohol, such as nethanol,

et hanol, propanol, or butanol, or a polar aprotic solvent, such as

di met hyl sul foxide or dinethyl sulfone, is preferred to facilitate the
reaction. If an al cohol is used, the amount of alcohol used is generally
3% to 30% by weight, preferably 5% to 20% by weight, of the amount of

epi chl orohydrin. If a polar aprotic solvent is used, the anount of polar
aprotic solvent - 8 wused is generally 10%to 150% by wei ght, preferably
15%to 120% by wei ght, of the anount of epihal ohydrin. Alternatively, the
conpound of the fornmula (2) may be allowed to react with the epihal ohydrin
by adding as a catalyst a quaternary ammoni um salt, such as

t et r ameebhyhaknbuiuinchsogederaidyr EndohyliSamedsisunmpedergdly gr to 12

tri met hyl benzyl ammoni um chl oride, to the m xture of the conpound of the

f or mul am¢2esangerhwodpi Afl BHJaPENl QLiogm o thiee sor@oussk efaitheoC to 110C
for 0.5 to 8 hours to yield a halohydrin ether conpound of the conpound of
t he forfermula) (2)adding a solid or aqueous solution of an alkali netal
hydr oxi de to the COQPpund, and causi ng dehydr ohal ogenati on éring cl osure)
at 20C to 10Beefatkal natrhdiydrorhdecpseidseProRepr 58GcEXMBLReat ed under

a reduced__pressuyre after rinsin%“ or wthout rinsjng, &9 remve, for
sodium hydroxide or potassium hydroxide. The  alkali metal

hydroxide can be used as a solid or an aqueous solution. If
an agueous solution is used, it may be continuously added to
the reaction system while water and the epihalohydrin are
being removed and separated under a reduced or normal
pressure, the water being drained and the epihalohydrin
being continuously returned to the reaction system. The
amount of alkali metallhydroxide used is generally 0.9 to
1.2 moles, preferably 0.95 to 1.15 moles, per equivalent of
hydroxyl group of the compound of the formula (2)}. The
reaction temperature is generally 20°C to 110°C, preferably
25°C to 100°C. The reaction time is generally 0.5 to 15
hours, preferably 1 to 10 hours.

Adding an alcohol, such as methanol, ethanol, propanol,
or butanol, or a polar aprotic solvent, such as dimethyl
sulfoxide or dimethyl sulfone, is preferred to facilitate
the reaction.

If an alcohol is used, the amcount of alcohol used is
generally 3% to 30% by weight, preferably 5% to 20% by
weight, of the amount of epichlorohydrin. If a polar

aprotic solvent is used, the amount of polar aprotic solvent



exanpl e, excess epi hal ohydrin and solvent. An epoxy resin wth a reduced
content of hydrol yzabl e hal ogen can be provided by dissolving the recovered
epoxy resin in, for exanple, toluene or nethyl isobutyl ketone and addi ng
an aqueous solution of an alkali netal hydroxide, such as sodium

hydr oxi de or potassium hydroxide, to ensure ring closure. In this case,
the anount of alkali nmetal hydroxide wused is generally 0.01 to 0.3 noles,
preferably 0.05 to 0.2 noles, per qo%e_pf hydr oxyl group of the conpound
of the formula (2). The reaction tenperature is generally 50Cto - 9

120C. The reaction tine is generally 0.5 to 2 hours. After the reaction is
conpleted, the reaction product 1is filtered or rinsed, for exanple, to
renove saleds isngeneraidat éduraerl ¥ % dyju oesli ghvtes ured eabdandhsé thiee sol vent
thus yielding a | ow nol ecul ar-wei ght epoxy resin (A). The epoxy resin (A
gener al I OKkadbyawediginty eduitie emowft 180 epild@hylwd .and cont ai ns

bi s(4- oxygl yci dyl phenyl ) ret hane as a naj or conponent. Next, inpossible
reaction of Ahtespakivedyi.nthe) camprund £ ghehdesrmulas (2dpmageheed by t he
formula (3), is induced to forma high-nolecul ar-wei ght epoxy resin. The
feed rafldovet Foaregghatdib tthea mpidsbiahydsim ‘-‘(YA)aq‘g'-‘ﬂbta@r M ned so that
the hydroxyl. groups of the conpound of the formula (3) are contained in an
amount GPRY§ENELaR FUGtEFNEFY0 AR salt, such as

tetramethylammonium chloride, tetramethylammonium bromide,

or trimethylbenzylammonium chloride, to the mixture of the
compound of the formulé (2) and the epihalohydrin, allowing
them t0o react at 30°C to 110°C for 0.5 to 8 hours to yvield a
halohydrin ether compound of the compound ¢f the formula (2),
adding a so0lid or aqueous solution of an alkali metal
hydroxide torthe compound, and causing dehydrohalogenation
(ring closure) at 20°C to 100°C for 1 to 10 hours,

The epoxidation product was heated under a reduced
pressure after rinsing, or without rinsing, to remove, for
example, excess epihalohydrin and solvent. An epoxy resin
with a reduced content of hydrolyzable halogen can be
provided by dissolving the recovered epoxy resin in, for
example, toluene or methyl isobutyl ketone and adding an
aqueous solution of an alkali metal hydroxide, such as
sodium hydroxide or potassium hydroxide, to ensure ring
closure., 1In this case, the amount of alkali metal hydroxide
used is generally 0.01 to 0.3 moles, preferably 0.05 to 0.2
moles, per mole of hydroxyl group of the compound of the

formula (2). The reaction temperature is generally 50°C to



preferably 0.1 to 0.9 noles, per nole of epoxy group of the epoxy resin
(A). The inpossible reaction can be induced wi thout using a catalyst,

al though a catalyst is preferably used to. facilitate the reaction.
Exanpl es of the catal yst used include triphenyl phosphine,

t et ramet hyl anmoni um chl ori de, sodi um hydroxi de, potassi um hydr oxi de,

benzyl tri phenyl phosphoni um chl oride, butyltriphenyl phosphoni um

et hyl tri phenyl phosphoni um i odi de, ang ethyl tri phenyl phosphoni um bromn de.
The amount of catalyst used is generally 0.01 to 10 parts by weight, 10
preferably 0.05 to 5 parts by weight, per nole of epoxy group of the epoxy
resin (A). In the inpossible reaction, a solvent is preferably wused to
cont r ol 1498 G-eaftheoraasidamttuine iBagieaRnldy thd tyold/dmunsed i ncl ude
cycl opent anone, cycl ohexanone, nethyl isobutyl ketone, nethyl ethyl

ket one, acetéﬁéertéh@eﬁ@achoﬁeﬂﬁyPﬁwpﬂ@ﬁﬁéonéheNrNBGW#@PhPFogﬁpﬁox|de and
N, N dlnethylfornan1de The anpbunt of solvent used is generally 5%to 150%
by wei gRS, firidiediashiar FiRnaes 100% ISFamRIMt Torengke (s iIGHS of the
epoxy resin (A) and the conmpound of the fornmula (3). The reaction

t enper af§Ad €% Wit A TRAIRCG PTERRETE FHeRan®e R ILVAIe. B r eact i on

process Q &éq
ielding a low-molecular-weight epoxy resin {(A). The epoxy

resin (A) generally has an epoxy equivalent of 160 to 200
g/eq and contains bis{4-oxyglycidylphenyl)methane as a majoxr
component.

Next, impossible reaction of the epoxy resin (A) with

4' -biphenol, as represented by the formula (3}, is induced
to form a high-molecular-weight epoxy resin. The feed ratio-
of 4,4"-biphenol to the epoxy resin (A} is determined so
that the hydroxyl groups of the compound of the formula (3)
are contained in an amount of generally 0.05 to (.95 moles,
preferably 0.1 to 0.9 moles, per mole of epoxy group of the
epoxy resin (A).

The impossible reaction can be induced without using a
catalyst, although a catalyst is preferably used to
facilitate the reaction. Examples of the catalyst used
include triphenylphosphine, tetramethylammonium chloride,
sodium hydroxide, potassium hydroxide,
benzyltriphenylphosphonium chloride,
butyltriphenylphosphonium, ethyltriphenylphosphonium iodide,
and ethyltriphenylphosphonium bromide. The amount of

catalyst used is generally 0.01 to 10 parts by weight,



tracked by, for exanple, gel perneation chromatography (GPC). The reaction
I's continued until the conpound of the fornula (3) is no |onger detected.
The reaction tine is generally 0.5 to 15 hours, preferably 1 to 10 hours.
The solvent is renoved fromthe reaction mxture if necessary, thus

yi el ding an epoxy resin (B) of the present invention. The epoxy resin (B)
can be yielded as a crystalline powder, as described below, according to
applications. That is, after the conpletion of the reaction, crystals of
the epoxy resin of the present invention are precipitated by adding a poor
solvent and cooling it. Exanples of the poor solvent used include nethyl

| sobutyl ketone, nethyl - 11 ethyl ketone, acetone, toluene, nethanol,

et hanol prefidrahilgr 0.0Fhd&oafopartsf byoeeighitvemperugede ofgepeorxyl |y 50%to
400% by weight, preferably 100%to 300% by wei ght, of the total weight of
t he epogyonesiofi the epoxvheesdmpddld of the formula (3). The crystalline
epoxy resin (B) can be yielded by filtering and drying the precipitated
crystals. Afrethatinppygsiblgsrapbtrhensesi Aolvaps éanpﬁéfﬁﬁﬁgéﬁ by heating
the resinous epoxy resin (B).to its nmelting point or higher and then

gr adual hgedosPi ggnitrol| throregiorden tempea@tiure:-he Exapwd&ishiof t&&ction, the
epoxy resin of the present invention can be obtained in high ¥Je|d by

di ssol vER4VERE Mss&t iBFlPAsdGYClopen tghsdesolS¥&iohexanone,” methyl

isobutyl ketone, methyl ethyl ketone, acetone, toluene, N-
methylpyrrolidone, N,N-dimethyl sulfoxide, and N,N-
dimethylformamide. The amount of solvent used is generally
5% to 150% by weight, preferably 10% to 100% by weight, of
the total weight of the epoxy resin (A) and the compound of
the formula (3).

The reaction temperature is generally 60°C to 180°C,
preferably 70°C to 160°C. The reaction process can be
tracked by, for ekample, gel permeation chromatography (GPC).
The reaction is continued until the compound of the formula
{3) is no longer detected. The reaction time is generally
0.5 to 15 hours, preferably 1 to 10 hours. The solvent is
removed from the reaction mixture if necessary, thus
yielding an epoxy resin (B} of the present invention. The
epoxy resin (B) can be yielded as a crystalline powder, as
described below, according to applications.

That is, after the completion of the reaction, crystals
of the epoxy resin of the present invention are precipitated
by adding a poor solvent and cooling it. Examples of the

poor solvent used include methyl isobutyl ketone, methyl



such as N-nethyl pyrrolidone, dinmethyl sulfoxide, or N, N dinethylformam de,
addi ng a wat er-sol ubl e poor solvent such as nethanol, ethanol,
i sopropanol, acetone, or nethyl ethyl ketone, and adding water. In this
case, the amount of good solvent used is generally 5%to 200% by wei ght,
preferably 10%to 150% by wei ght, of the total weight of the epoxy resin
(A) and the conmpound of the fornmula (3). The anount of water-sol ubl e poor
solvent used is generally 5%to 200%., by weight, preferably 10%to 150% by
wei ght, of the theoretical yield of]t e epoxy resin. The ampunt of water
used is generally 50%to 400% by wei ght, preferably 100%to 300% by
wei ght, of the total weight of the epoxy resin (A) and the conpound of the
formul aetByl k2tolke egstpneesitolil@ng.husethaiaded gdmnal | yamdswatenel ting
point of 70C to 180C in crystalline form The epoxy resin (B) of the
pr esent Theavenpiiol génpral] golgntansedoiy cguieralldinm 56fF X0 40€%2b¥00 g/ eq,
preferably 250 to 1,500 g/eq, particularly preferably 250 to 1,000 g/eq.
Accor di Wgigbtrensaefenahily d80fgta d0PRebanwedlghdcamdi e dQtEdi neter (DSC)
the epoxy resin (B) often shows two or nore absorption peaks. This
phenomenwshghfidpéatbs eRaryt FesigpdRy e fheprompoungsed] fhge. On the ot her
hand, a tengerature regi on where the epoxy resin g;n exhi bits _optical
ani sot r 6¥MEAR ba)det EPRi FEYSh1eA8Er $ROXIN I§SilRy (B) can be yielded

by filtering and drying the precipitated crystals.

Alternatively, crystalline resin lumps can be formed by

heating the resinous epoxy resin (B) to its melting point or

higher and then gradually cooling it.

If no solvent is used in the impossible reaction, the

epoxy resin of the present invention can be obtained in high

yield by dissolving the reaction product in a good solvent

such as N-methylpyrrolidone, dimethyl sulfoxide, or N,N-

dimethylformamide, adding a water-soluble poor solvent such

as methancl, ethanol, isopropanol, acetone, or methyl ethyl

ketone, and adding water. In this case, the amount of good

solvent used is generally 5% to 200% by weight, preferably

10% to 150% by weight, of the total weight of the epoxy

resin (A) and the compound of the formula (3). The amount

of water-soluble poor solvent used is generally 5% to 200%

by weight, preferably 10% to 150% by weight, of the

theoretical yield of the epoxy resin. The amount of water

used is generally 50% to 400% by weight, prefexrably 100% to

3002 by weight, of the total weight of the epoxy resin (A}

and the compound of the formula (3).



pol ari zi ng m croscope under tenperature-increasing conditions. The epoxy
resin (B) generally exhibits optical anisotropy at 100C to 200C. In the
formula (1) of the resultant epoxy resin, Wierein n is generally 0.1 to
20(the nunber is an average), preferably 0.3 to 5, particularly
preferably 0.5 to 2. The value of n can be estimated by GPC or NWR
measurenment or by calculation fromthe epoxy equivalent of the resin. In
preparation of an epoxy resin conpositjon, the epoxy resin (B) can be used
in a crystalline state or in a resinous state forned by heating the epoxy
resin (B) toits nelting point or higher and then supercooling the nelted
resin (B). The epoxy resin (B) in the resinous state generally has a
sof t eni ng pofie epoxprEesinoe) . thus whedgedydenernldynposi @i on of the
present invention wll be described. The epoxy resin of the present

i nvent i BRltiRg Belnse@fad03CcipaBBe’ Feditn CEFRPEdiliingn f¥™onbi nation with,
for exanple, a curing agent, a curing accelerator, and a cyanate resin.
Exanmpl es of HpplI ¢RI ofeSimc{ Bleohr tRecBregpPrEUiRVEBALAER, 98BPHRBL LY esi St s,
sem conductor seal ants,  retardation filnms, nolding materjals, and

adhesi VB35 FNcCRBBXyCHBEVALIEBIPBEi £08n toF 2t RO 0 I &8t PLAFEFALIY 268Nt ai ns

t he epo esin of the present invention and a__curing agent as essenti al
Conponeﬁgsi'gﬂotﬁéegpogngégp arly preferab%y 250 to %,é%o g/eq.

According to measurements using a differential scanning
calorimeter (DSC)}, the epoxy resin (B) often shows two or
more absorption peaks. This phenomenon indicates that the
epexy resin (B) is crystalline. On the other hand, a
temperature region where the epoxy resin (B) exhibits
optical anisotropy can be determined by observation using‘a
polarizing microscope under temperaturefincreasing
conditions. The epoxy resin (B) generally exhibits optical
anisotropy at 100°C to 200°C. In the formula (1) of the
resultant epoxy resin, Wherein n is generally 0.1 to 20(the
number is an average), preferably 0.3 to 5, particularly
preferably 0.5 to 2. The value of n can be estimated by GPC
or NMR measurement or by calculation from the epoxy
equivalent of the resin.

In preparation of an epoxy resin composition, the epoxy
resin (B) can be used in a crystalline state or in a
resinous state formed by heating the epoxy resin (B) to its
melting point or higher and then supercooling the melted
resin (B). The epoxy resin (B) in the resinous state

generally has a softening point of 45°C to 100°C..



conposition of the present invention, the epoxy resin of the present

I nvention can be used alone or in conbination with another epoxy resin. I|f
anot her epoxy resin is used in conbination, the content of the epoxy resin
of the present invention in the entire epoxy resin is preferably 30% by
wei ght or nore, particularly preferably 40% by wei ght or nore. Exanples of
epoxy resins that can be used in conbination with the epoxy resin of the
present invention include bipphenol A epoxy resins, phenol novol ak resins,
bi phenol epoxy resins, triphenyl methane epoxy resins,

di cycl opent adi ene- phenol condensate epoxy resins, biphenyl novol ak epoxy
resins, and alicyclic epoxy resins. These epoxy resins can be used al one
or in conbi nani epoxy resinrcompeeitfionhef the pTreeepnlir inyeagden cont ai ned
in the epoxy resin conposition of the present invention can be, for

exanpl ewidd bgnidgsczdbpdund Then epeixy aesidr iade enmpigsentadmgnddon
conpound, or a phenolic conpound. Exanples of the curing_ agent used

i ncl udecaBubengsel; gst adcugablgi aeisdiad i oHEeAifdiade PMinAtds ri ani ne,

triethyl enetetram ne, di am nodi phenyl sul fone, .isophoronediam ne,
di cyandWaidefox BEPPRARde 2r S¥FAN IS BIHRs e PFHAA EFHHETHOT 4 #eni ¢
acid and

a cyanate resin. Examples of applications include printed
circuit boards, solder resists, semiconductor sealants,
retardation films, molding materials, and adhesives.

The epoxy resin composition of the present invention
contains the epoxy resin of the present invention and a
curing agent as essential components. In the epoxy resin
composition of the present invention, the epoxy resin of the
present invention can be used alone or in combination with
another epoxy resin. If another epoxy resin is used in
combination, the content of the epoxy resin of the present
invention in the entire epoxy resin is preferably 30% by
weight or more, particularly preferably 40% by weight orx
more.

Examples of epoxy resins that can be used in
combination with the epoxy resin of the present invention
include bisphenol A epoxy resins, phencl novelak resins,
biphenol epoxy resinsg, triphenylmethane epoxy resins,
dicyclopentadiene-phenol condensate epoxy resins, biphenyl
novolak epoxy resins, and alicyclic epoxy resins. These
epoxy resins can be used alcone or in combination of two or

more of them.



et hyl enedi am ne, phthalic anhydride, trinellitic anhydride, pyronellitic
anhydri de, maleic anhydride, tetrahydrophthalic anhydride,
nmet hyl t et rahydr opht hal i ¢ anhydri de, nethyl nadic anhydri de,
hexahydr opht hal i ¢ anhydri de, nethyl hexahydropht halic anhydride, phenol
novol ak, nodifications of the above conpounds, im dazole, BF3-am ne
conpl ex, and guani di ne derivatives. These curing agents can be used al one
or in conmbination of two or nore of _thgm The anount of curing agent used
in the epoxy resin conposition of the present invention is preferably 0.7
to 1.2 equivalents per equival ent of epoxy group of the epoxy resin. If
the amount of curing agent used falls below 0.7 equivalents or exceeds 1.2
equi val ents BBe eyElndl agensf coapaipedr dap thehepepuxyFesdsi n conposition can
be inconpletely cured and thus fail to provide a curing material with
excel | eFEMPOFIdiAle 9L thes presenpddiimvan tion amPeac d@ e regtamp kean @k used
for the epoxy resin conposition of the present invention. Exanples of the
curing &Fd&ee CABOURSed 3 AGide dnhvdddie camanndl An @RidE | ni dazol e,
2-ethylimdazole, and 2-ethyl-4 nethylimdazole; tertiary am nes such as 2-
(di met hFPERONTEt IRA PoRsRotdfy companngd- Bampdies 9%, B auddie- 7;
hosphi nes _such as . tr.iphenyl phosphine; and nmetal conpounds such as tin

gctyratggen% use inclu%e, %J% nd% limited to, P

diaminodiphenylmethane, diethylenetriamine,

triethylenetetramine, diaminodiphenyl sulfone,

isophoronediamine, dicyandiamide, a polyamide resin

synthesized from a dimer of linolenic acid and

ethylenediamine, phthalic anhydride, trimellitic anhydride,

pyromellitic anhydride, maleic anhydride, tetrahydrophthalic

anhydride, methyltetrahydrophthalic anhydride, methylnadic

anhydride, hexahydrophthalic anhydride,

methylhexahydrophthalic anhydride, phenol novolak,

modifications of the above compounds, imidazole, BF;-amine

complex, and guanidine derivatives. These curing agents can

be used alone or in combination of twoe or more of them.

The amount of curing agent used in the epoxy resin

composition of the present invention is preferably 0.7 to

1.2 equivalents per equivalent of epoxy group of the epoxy

resin. If the amount of curing agent used falls below 0.7

equivalents or exceeds 1.2 equivalents per equivalent of

epoxy group, the epoxy resin composition can be incompletely

cured and thus fail to provide a curing material with

excellent properties.



According to need, 0.1 to 5.0 parts by weight of curing accelerator is
used for 100 parts by weight of the epoxy resin. |If necessary, the epoxy
resin conposition of the present invention can contain an inorganic
filler. Exanples of the inorganic filler used include silica, alum na, and
talc. The amount of inorganic filler used is 0%to 90% of the weight of
the epoxy resin conposition of the present invention. The epoxy resin
conposition of the present inventipnlgap al so contain a variety of
additives such as a silane-coupling agent; a nold-rel easi ng agent such as
stearic acid, palmtic acid, zinc stearate, or calcium stearate; and a

pi gnent. The epoxy resin conposition of the present invention can be
prepared by Ronegdi&desl.y anicxinigat Beceddinaitdralcanc bepmsedt SorThdeepoxy
resin conposition of the present invention can easily be cured by a nethod
si mi | ar €P®¥NGRF 16 campdisidsiorFraf bmmiresen ttuknetepi@r i alExzmpdss f or ned
by honpbgeneously m xi ng the epoxy resin of the present - invention with a
curing é%eﬁthearﬁil%ﬁtg aRgelergtiar asad iingluds dekdammlenrsygivrammc
filler, and other_ additives using, _for exanple, an extruder, a kneader, or
a rol | eMe3d¥diditizale ndee thy Pisaze i k2 reddinl thnposi tion; nel ting

and nol di.ng_the epoxy resin conposition by casting or using, for
methylimidazole; tertiary amines such as 2-

(dimethylaminomethyl )phenol and 1,8-diaza-
bicyclo(5,4,0)undecene-~7; phosphines such as
triphenylphosphine; and metal compounds such as tin octylate.
According to need, 0.1 to 5.0 parts by weight of curing
accelerator is used for 100 parts by weight.of the epoxy
resin.

If necessary, the epoxy resin composition'of the
present invention can contain an inorganic filler. Examples
of the inorganic filler used include silica, alumina, and
talc. The amount of inorganic filler used is 0% to 90% of
the weight of the epoxy resin composition of the present
invention. The epoxy resin composition of the present
invention can also contain a variety of additives such as a
silane-coupling agent; a mold-releasing agent such as
stearic acid, palmitic acid, zinc stearate, or calcium
stearate; and a pigment.

The epoxy resin composition of the present invention
can be prepared by homogeneously mixing the individual
cpmponents. The epoxy resin composition of the present

invention can easily be cured by a method similar to known



‘exanpl e, a transfer nolding machine; and further heating the conposition

at 80C to 200C for two to ten hours.

si mply

sol vent
of the

N- et hy
N, N- di
ether s
di et hyl

A varni sh conposition (hereinafter

referred to as a varnish) can be prepared by addi ng an organic
to the epoxy resin conposition of the present invention. Exanples
sol vents used include y-butyrol actones; am de solvents such as

| pyrrolidone, N, N dinethylfornmamde, N, N-dinethylacetam de,

and

met hyl i m dazol i di none; sul foneggsuch as tetramethyl ene sulfone;
ol vents such as diethylene glycol dinethyl ether, diethylene glycol

et her, propylene glycol, propylene glycol nononethyl ether,

propyl ene glycol nononethyl ether nonoacetate, and propyl ene gl ycol

nonobut

yet r; Fleat examgdievern Susisch mestamsiadly|can Hye  faatmond bynet hy |

i sobutyl ketone, cyclopentanone, and cycl ohexanone; and aromatic solvents
hogogene oned Y Jrigiag the sgipahtresin pfedhe persendh anount that the

such as
total s

olid content of the resultant varnish, other than the sol vent

cont ent 1nvgntdon yithya gurimege agaide atd guidrana il 0%t B0TepARgdwei ght
preferab%y 20% to 70% by weight. To forma sheet of the epoxy resin

Screen

conposi BGTIEEAE - FledBArFaRishhiidden hanh ftdsrarafditeegs psidhl ied to
a flat s%pport Qy a_known coating nethod, such as gravure coating,
printin&? a € 1p R &F&E@g@F'o §aq?der, or a roller according

to need to prepare an epoxy resin composition; melting and
molding the epoxy resin composition by casting or using, for
éxample, a transfer molding machine; and further heating the
composition at 80°C to 200°C for two toc ten hours.

A varnish composition (hereinafter simply referred to
as a varnish) can be prepared by adding an organic solvent
to the epoxy resin composition of the present invention.
Examples of the solvents used include y-butyrolactones;
amide solvents such as N-methylpyrrolidone, N,N-
dimethylformamide, N,N-dimethylacetamide, and N,N-
dimethylimidazolidinone; sulfones such as tetramethylene
sulfone; ether solvents such as diethylene glycol dimethyl
ether, diethylene glycol diethyl ether, propylene glycol,
propylene gilycol monomethyl ether, propylene glycol
monomethyl ether monoacetate, and propylene glycol monobutyl
ether; ketone solvents such as methyl ethyl ketone, methyl
isobutyl ketone, cyclopentanone, and cyclohexanone; and
aromatic solvents such as toluene and xylene. The solvent
is used in such an amount that the total solid content of

the resultant varnish, other than the solvent content, falls



coating, so that the coating has a predeterm ned thickness, for exanple, 5
to 100 Eun, after drying. The coating nethod wused is selected according to
the type, shape, and size of substrate and the thickness of coating. The
substrate used can be, for exanple, a filmof a polymer and/or a copol ynmer
thereof, or a metal foil such as a copper foil. Exanples of the polyner
used include pol yam des, polyam dei m des, polyaryl ates, polyethylene
terephthal ate, polybutylene terephthplate, polyether ether ketones,

pol yet her im des, polyether ketones, pol yketones, polyethyl ene, and

pol ypropyl ene. Particularly preferably, a polyimde or a netal foil is
used. The coating can be heated to provide a cured sheet. A cured nateri al
can al syibbinoitied ropgehefnglenemedsly ridldity &¥% dypvaiddy- .prepared by

di ssolving the epoxy resin conposition of the present invention in a

sol vent PEGERTADLY: d0Geke, TR¢ &ve wedelifone, nethyl ethyl ketone, or methyl

| sobutyl ketone, inpregnating a substrate such as glass fiber, carbon
fiber, pol ye'g?ewfomb@rSh%%Fyaﬁ thef ppeKY I8Siml GRMRESALBER, ofr theper with
the sol ution, and dr¥ g the inpregnated substrate by heating. In this
case, tBECERBENEDVERTIGNyeitheydBPVIEs VRIHErST) IGANL 0% AP PAIRDYEE ght |
preferab 15% to 70% by wei ght, of that of the m xture of the epoxy resin
conposi 'ﬂéﬁ 5PPPHEtpP§s@nFnPg(Peﬁﬂa&+%&‘ecWé) such as gravure

coating, screen printing, a metal mask process, or spin
coating, so that the coating has a predetermined thickness,
for example, 5 to 100 pm, after drying. The coafing method
used is selected according to the type. shape, and size of
substrate and the thickness of coating. The substrate used
can be, for example, a film of a polymer and/or a copolymer
thereof or a metal foil such as a copper foil. Examples of
the polymer used include polyamides, polyamideimides,
polyarylates, polyethylene terephthalate, polybutylene
terephthalate, polyether ether ketones, polyether imides,
polyether ketones, polyketones, polyethylene, and
polypropylene. Particularly preferably, a polyimide or a
metal foil is used. The coating can be heated to provide a
cured sheet.
A cured material can also be formed by thermal press
molding of a prepreg prepared by dissolving the epoxy resin
- composition of the present invention in a solvent such as
toluene, xylene, acetone, methyl ethyl ketone, or methyl
isobutyl ketone, impregnating a substrate such as glass

fiber, carbon fiber, polyester fiber, polyamide fiber,



sol vent. Exanples The present invention will be described in nore detai
with reference to the exanples bel ow, where parts nean parts by wei ght

unl ess otherw se specified. Exanple 1 First, 100 parts of a phenolic
conpound represented by the fornula (2) (trade nane: p,p' -BPF;

manuf actured by Honshu Chem cal Industry Co., Ltd.), 370 parts of

epi chl orohydrin, and 26 parts of nethanol were fed into a flask equi pped
with a thernoneter, a condenser, a _fyactionating colum, and a stirrer
under nitrogen purging. The phenollc conmpound was conpletely di ssol ved by
heating the mxture to 65Cto 70C with stirring before 40.4 parts of

sodi um hydr oxi de fl akes were added in fractions under ref |lux conditions
over 108lninaneefibT®ire oft papesawtiitbn thes soladiion.atted Mry2@g@ ftdwe additi ona
one hour. The reaction product was rinsed twice with 150 parts of water
and wasimpzagedteddenbstradecdy peeddmoe tdm didve caiser, dkemgireuntexcess

- epichlorohydrin fromthe oil layer. The residues 19 were dissolved in 312
parts oPEnBPhyEnitssBaty iskeeaeaaddy 1A doalT05w&Y meigddot with 10 parts of
30% sodi um_hydr oxi de aqueous sol ution at 70C for one hour. The reaction

productPr§£§rPPH§eé5§hF€e7Pﬁn9§ peigbtoy OF fihatepfmiihe Mmiziure &fd was

the epoxy resin composition of the present invention and the
solvent.

Examples

The present invention will be described in more detail
with reference to the examples below, where parts mean parts
by weight unless otherwise specified.

Example 1

Fi:st, 100'parts of a phenolic compound represented by
the formula (2) (trade name: p,p'-BPF; manufactured by
Honshu Chemical Industry Co., Ltd.}, 370 parts of
epichlorohydrin, and 26 parts of methanol were fed into a
flask equipped with a thermometer, a condenser, a
fractionating column, and a stirrer under nitrogen purging.
The phenolic compound was completely dissolved by heating
the mixture to 65°C to 70°C with stirring before 40.4 parts
of sodium hydroxide flakes were added in fractions under
reflux conditions over 100 minutes. The after-reaction was
facilitated at 70°C for additional one hour. The reaction
product was rinsed twice with 150 parts of water and was
heated under a reduced pressure to remove, for example,

excess epichlorohydrin from the oil layer. The residues



heat ed under a reduced pressure to renove nethyl isobutyl ketone, thus

yi el ding 150 parts of an epoxy resin (Al). This epoxy resin had an epoxy
equi val ent of 170 g/eq, a viscosity at 25C of 1,000 nPs, and a total
chlorine content of 1,200 ppm Next, 85 parts of the epoxy resin (A) was
di ssolved in 23 parts of the compound represented by the fornmula (3) with
stirring and was allowed to react therewith at 160C for four hours by
adding 0.08 parts of benzyltriphenyl phfosphoni um chl oride. The reaction was
continued after 4,4'-biphenol disappeared conpletely in GPC. After the
reaction was continued for six hours in total, the resultant resin was

cooled to 100C and was conpletely dissolved in 108 parts of dinethyl
sul f oxi #&TreTHd sseiviedodn %@ a8t afo "Edd e dl S e Xk &b Wateh @B parts of

methanol wth stirring. The solution was then cooled to 30C and was m xed
wi th 208658 A lowegatter neagh atith 1 @artasef SOHRE W psrdnaxids e
filtered and dried, .thus yielding 103 parts of a white powder of an epoxy
resin (BRPEOMS ﬁé’lurifllé’é’e_rﬂt iWW&ﬂ%%.O“ﬂﬂr&O%othfees‘?‘?F“(tgﬂn PP WP tepoxy
From  hEPEp S A L PEEEn (S A P 20 £ AR AR Ly P
el L g EBRRE SPAPEIE *orEBaE R o e ey (TP t ops at
1?50 anii(etone, thus yieiding 150 parts of an epoxy resin (Al).

This epoxy resin had an epoxy equivalent of 170 g/eq, a

viscosity at 25°C of 1,000 mP*s, and a total chlorine

content of 1,200 ppm. Next, 85 parts of the epoxy resin

(A1) was dissolved in 23 parts of the compound represented

by the formula (3) with stirring and was allowed to react

therewith at 160°C for four hours by adding 0.08 parts of

benzyltriphenylphosphonium chloride. The reaction was

continued after 4,4'-biphenol disappeared completely in GPC.

After the reaction was continued for six hours in total, the

resultant resin was cooled to 100°C and was completely

dissolved in 108 parts of dimethyl sulfoxide. The solution

was cooled to 60°C and was mixed with 108 parts of methanol

with stirring. The solution was then cooled to 30°C and was

mixed with 208 parts of water_to precipitate crystals.

These crystals were filtered and dried, thus yielding 103

parts of a white powder of an epoxy resin (Bl) of the

present invention. This epoxy resin (B1l}) had an epoxy

equivalent of 443 g/eq (in the formula (1), n = 1.09

(average, calculated from the epoxy equivalent)}. According



160C. Qoservation using a polarizing mcroscope at a rate of tenperature
I ncrease of 1C per mnute showed that the epoxy resin exhibited optical
ani sotropy at 140C to 160C. Exanple 2 In Exanple 2, a vanish was prepared
by honogenously mxing 8.9 parts of the epoxy resin (Bl) yielded in
Example 1; 3.5 parts of the phenol aral kyl resin XLC-3L (manufactured by
Mtsui Chemcals, Inc.; nelting point: 71C, hydroxyl equivalent: 174
g/eq), serving as a curing agent; O.Jsparts of 2PHZ- PW (manufactured by
Shi koku Chem cal s Corporation), serving as a curing accelerator; and 5.4
parts of cycl opentanone, serving as a solvent. The vanish was applied to a
PET filmusing an applicator so that the coating had a thickness of 20 t
after d&PyMPEGSUTRECESS UFdNFad & aremtd@lats chp@dnidoicadpaifeder t o renove
the solvent and cure the coating. After the PET filmwas renoved, a

col or | e4BSCAl.edhe FPEXYbIEsdty é%lf)i had Ragyedddgion@@imthiod ddré€-fil m was
not cracked when folded and crunpled. Observation usin% a pol arizing

ni cr oscGPE DsSkoeadsupsments AlsH FRPWSS W9 PEfRks doPsp@Et BéaTs énd First,
100 parts of a phenolic conpound represented by - 21 the fornula (2)
(trade MmafeC-p, Eb:seﬁrfﬁteraﬁﬂﬁwar &d By A Sy MERERSCaPe Adust FRteo. |

Lt d. 370, parts of
) o% t mpera%ure increase of 1°C per minute showed that the

epoxy resin exhibited optical anisotropy at 140°C to 160°C.
Example 2

In Example 2, a vanish was prepared by homogenously
mixing 8.9 parts of the epoxy resin (Bl) yielded.in Example
l: 3.5 parts of the phenol aralkyl resin XLC-3L
(manufactured by Mitsui Chemicals, Inc.; melting point:
71° C; hydroxyl eguivalent: 174 g/eq). serving as a curing
agent; 0.1 parts of 2PHZ-PW (manufactured by Shikoku
Chemicals Corporation), serving as a curing accelerator; and
5.4 parts of cyclopentanoﬁe, serving as a solvent.

The vanish was applied to a PET film using an
applicator so that the coating had a thickness of 20 p after
drying. The coating was then heated at 140°C for one hour
to remove the solvent and cure the coating. After the PET
film was removed, a colorless, clear, flexible cured £ilm
was obtained. This cured film was not cracked when folded
and crumpled. Observation using a polarizing microscope
showed that the film had optical anisctropy.

Example 3

First, 100 parts of a phenolic compound represented by



epi chl orohydrin, and 26 parts of nethanol were fed into a flask equi pped
wth a thernoneter, a condenser, a fractionating colum, and a stirrer
under nitrogen purging. The phenolic conpound was conpletely dissolved by
heating the mxture to 65C to 75C with stirring before 41.6 parts of

sodi um hydroxi de fl akes were added in fractions under ref |ux conditions
over 100 mnutes. The after-reaction was facilitated at 70C for additional
one hour. The reaction product was_r4psed twice with 150 parts of water
and was heated under a reduced pressure to renove, for exanple, excess
epi chl orohydrin fromthe oil layer. The residues were dissolved in 312
parts of nmethyl isobutyl ketone and were allowed to react with 10 parts of
30% soditty® Hpdmesliadd 2 lad ieedse s6met:i on bdt-BPFC renudisctygd bhhe reacti on
product was rinsed three tinmes to renove, for exanple, salts and was

heat ed HR@sPUa Chégicad préssiry €O -refbde InetP Pasd5UGH  ketone, thus

yi el ding 154 parts of an epoxy resin (A2). This epoxy resin had an epoxy
equi val EREHLOTORYGrdR . RES 26 PRIfE ©f getbgacdpieye &sidh indm) awas

di ssolved in 23.3 parts_  of the conpound represented by the fornula (3)
with stthfSky AR RREs Witho fe FhesmMomgder h& SRPAFRECTL6@C for four hours
by addi 0.0Q08 parts of _triphenyl phosphine. The reaction was continued
alter 4tXaCliiORaNOReIPeINREar S pTaraly (dem,31taogen@iHa Mk [ eact i on

nas Con&hgu% e%%&i%'éaﬁ%%ﬁ%d %as completely dissolved by heating

the mixture to 65°C to 75°C with stirring before 41i.6 parts
of sodium hydroxide flakes were added in fractions under
reflux conditions over 100 minutes. The after-reaction was
facilitated at 70°C for additional one hour. The reaction
product was rinsed twice with 150 parts of water and was
heated under a reduced pressure to remove, for example,
excess epichlorohydrin from the o0il layer. The residues
were dissolved in 312 parts of methyl isobutyl ketone and
were allowed to react with 10 parts of 30% sodium hydroxide
agqueous solution at 70°C forxr one hour. The reagtion product
was rinsed three times to remove, for example, salits and was
heated under a reduced pressure to remove methyl isobutyl
ketone, thus yielding 154 parts of an epoxy resin (A2).

This epoxy resin had an epoxy equivalent of 164 g/eq. Next,
87 parts of the epoxy resin (A2) was dissolved in 23.3 parts
of the compound represented by the formula (3} with stirring
and was allowed to react therewith at 160°C for four hours
by adding 0.08 parts of triphenylphosphine. The reaction

was continued after 4,4'-biphenol disappeared completely in



total, the reaction product was heated under a reduced pressure in a
rotary evaporator to renove the solvent, thus yielding 110 parts of an
epoxy resin (B2) of the present invention as a resinous solid. This epoxy
resin (B2) had an epoxy equivalent of 410 g/eq (in the formula (1), n =
0.96 (average, calculated fromthe epoxy equivalent)). The epoxy resin
(B2) was heated to 100C and was then gradually cooled to form opaque
crystalline resin lunps. Exanple 4 ang, Conparative Exanple 1 Conpositions
of Exanple 4 and Conparative Exanple 1 were prepared by m xing the epoxy
resin (B2) of the present invention yielded in Exanple 3 and a-

hi gh- nol ecul ar-wei ght bi sphenol F epoxy resin (YDF-2001, manufactured by
Tohto K @fter ttdhe regebiodgwiasicontimed gogy)sik dupes ively, with a
phenol novol ak gggl, manuf actured by Meiwa Plastic Industries, Ltd.;

hydr oxy Itodddi v difenearddopy @yerdusdy Wasy heated amdeaty aageaducethd

tri phenyl phosphine (TPP), serving as a curing accelerator, according to

t he conp¥SitSBifs & COURFY RVePRDAtHo NP inemeHs dhe sHsganteondBs ti ons.
were subjected tq transfer nolding to formnolded resin materials. The

nol ded 1% 130 @3actse @t £FEXF desdiyHBXo fis TheaRzeseianpl e 4

Conpar at.i ve anple 1 Epoxy resin B2 41.0
Al invenQQ%dn%s a resgno s sofld. f%is epoxy resin (B2) had an

epoxy equivalent of 410 g/eq (in the formula (1), n = 0.96
(average, calculated from the epoxy equivalent)). The epoxy
resin (B2} was heated to 100°C and was then gradually cooled
to form opaque crystalline fesin Lumps.
Example 4 and Comparative Example 1

Compositions of Example 4 and Comparative Example 1
were prepared by mixing the epoxy resin (B2) of the present
invention yielded in Example 3 and a high—molecularfweight
bisphenol F epoxy resin (YDF-2001, manufactured by Tohto
Kasei Co., Ltd.; epoxy egquivalent: 471 g/eq), respectively,
with a phenol novolak (H-1, manufactured by Meiwa Plastic
Industries, Ltd.:; hydroxyl equivalent: 105 g/eq). serving as
a curing agent, and triphenylphosphine {TPP), serving as a
curing accelerator, according to the compositions (parts by
weight) shown in Table 1. These cémpositions were subjected
to transfer molding to form molded resin materials. The
molded materials were cured at 140°C ovef eight hours.

Table 1
Comparative

Example 4 Example 1

Epoxy resin B2 41.0



- 23 YDF-2001 47.1 Curing agent Phenol 10.5 10.5 novolak Curing TPP 0.6
0.6 accelerator Table 2 shows neasurenents of the physical properties of
the cured nmaterials thus forned. These neasurenents were carried out by
the foll owi ng methods: Fracture toughness (K1C): ASTM E-399 Therna
conductivity: ASTM E-1530 Table 2 Exanple 4 Conparative Exanple 1
Fracture toughness (K1C) (MPa) 95 32 Thernmal conductivity 0.41 0.20
(WnK) As described above, an epoxy_rggin of the present invention can be
cured to provide a cured nmaterial with higher fracture toughness and

t hermal conductivity than those of known bi sphenol F epoxy resins. 24 -

CLAINB YDF-2001 47.1
. Phenol
Curing agent novolak 10.5 | 10.5
Curing PP 0.6 0.6
accelerator

Table 2 shows measurements of the physical properties
of the cured materials thus formed. These measurements were
carried out by the following methods:

Fracture toughness (K1C): ASTM E-399

Thermal conductivity: ASTM E-1530

Table 2
Comparative
E 1
xample 4 Example 1
Fracture toughness :
(K1C) (MPa) 95 32
Thermal iwvi
ermal conductivity 0.41 0.20

{W/mK)
As described above, an epoxy resin of the present
invention can be cured to provide a cured material with
higher fracture toughness and thermal conductivity than

those of known bisphenol F epoxy resins.



1. An epoxy resin represented by the following formula (1): [1] O _ OH _
H2CHCH2CO \ / CH2 \ / OCHZCHCH20 (1) L OH O OCH2CHCH2O _ CH2 \ . OCH2CHCH2
n wherei n epoxy equival ent of the epoxy resin is 250 to 1000g/eq. 2. An
epoxy resin conposition conprising the epoxy resin according to Caiml
and. a curing agent. 3. The epoxy resin conposition according to Caim 2,
further conprising a curing accelerator. 4. The epoxy resin conposition
according to Caim?2 or 3, further cogprising an inorganic filler. 5. The
epoxy’resin conposition according to one of Clains 2 to 4, further
conprising an organic solvent. 6. .A cured material formed by curing the
epoxy resin conposition according to one of Clainms 2 to 5. 7. A nethod for
produci ng the epoxy resin according $IM25 Caim1, conprising allowing a
phenol i ¢ conpound represented by the following fornula (2):

1. An epoxy resin repreéented by the following formula
(1):
[1]

o | OH :
/\ I
H,CHCH,CO CH, OCH,CHCH,0

OH . 0
| /\
L OCH,CHCH,0 CH, OCH,CHCH,
n

wherein epoxy equivalent of the epoxy resin is 250 to 1000g/edq.

M

2. An epoxy resin composition comprising the epoxy resin
according to Claim 1 and a curing agent.

3. The epoxy resin composition according to Claim 2,
further comprising a curing accelerator.

4. The epoxy resih composition according to Claim 2 or 3,7
furthe; comprising an inorganic filler.

5. The epoxy resin composition according to one of Claims
2 to 4, further comprising an ofganic solvent.

6. A cured material formed by curing the epoxy resin
composition according to one of Claims 2 to 5.

7. A method for producing the epoxy resin according to



[2l HO\ / CHZ\ |/ OH (2) to react with an epi hal ohydrin in the presence of
an alkali netal hydroxide to yield an epoxy resin having a |l ow nolecul ar
wei ght, allow ng the epoxy resin to react with 4,4'-biphenol, 'and adding a
poor solvent to precipitate a crystal, wherein 4,4'-biphenol is
represented by the followng formula (3): [3] HO\ / \ / OH (3)
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Claim 1, comprising allowing a phenolic compound represented
by the following formula (2):

f2]

e o

to react with an epihalohydrin in the presence of an alkali
metal hydroxide to yield an epoxy resin having a low
melecular weight, allowing the epoxy resin to react with

4,47 -biphenol, and adding a poor solvent to precipitate a

crystal,

wherein 4,4'-biphencol is represented by the following
formula (3):

[31]

ol ) ) ©



